Background: Angiotensin receptor blockers (ARBs) are preferred antihypertensive therapies in patients with type 2 diabetes mellitus (T2DM). Azilsartan medoxomil (AZL-M) is a potent ARB for the treatment of stages 1-2 hypertension. We compared the efficacy, safety, and metabolic effects of AZL-M to both valsartan (VAL) and olmesartan (OLM), separately in patients with impaired fasting glucose (prediabetes mellitus) and T2DM.
INTRODUCTION
T ype 2 diabetes mellitus (T2DM) is estimated to affect nearly 400 million people worldwide, and more than 60% with T2DM have systemic hypertension [1, 2] . An even larger number of people have prediabetes, defined as a fasting glucose of 100-125 mg/dl or a hemoglobin A1c (HbA1c) of 5.7-6.4%. In the US alone, more than 25 million people have T2DM, and a further 80 million are estimated to have prediabetes and at risk of progression to T2DM [1] . When both T2DM and hypertension are present, elevated blood pressure (BP) appears to be the more important factor driving cardiovascular outcomes [3, 4] . In fact, T2DM confers approximately a two-fold increase of cardiovascular events in men and three-fold increase in women; with concurrent hypertension, there is an approximately fourfold increase in cardiovascular risk [5, 6] . The importance of lowering BP in patients with T2DM to prevent cardiovascular events is seen in several studies [7] [8] [9] . A recent meta-analysis of BP reduction in T2DM demonstrated that a 10 mmHg reduction of SBP lowered all-cause mortality [relative risk (RR) 0.87], cardiovascular (RR 0.89) events, stroke (RR 0.73), as well as risk of retinopathy (RR 0.87) and albuminuria (RR 0.83) [10] .
Azilsartan medoxomil (AZL-M) is the newest angiotensin receptor blocker (ARB) approved for the treatment of hypertension. It is the first to provide 24-h ambulatory blood pressure monitoring data to show sustainability and the only one to do comparative studies prior to approval [11] [12] [13] . In the present study, we evaluated the efficacy, safety, and metabolic effects of AZL-M in patients with prediabetes mellitus and T2DM in a pooled analysis of over 3800 patients in randomized, controlled trials [11] [12] [13] .
METHODS

Overview of included studies
Three randomized, double-blind, placebo and/or activecontrolled clinical trials were included in this analysis [11] [12] [13] . A total of 3821 patients were randomized to either: AZL-M 40 mg or 80 mg [11] [12] [13] ; olmesartan (OLM) 40 mg [11, 12] ; valsartan (VAL) 320 mg [12, 13] ; or placebo [11, 12] . Inclusion criteria common to all trials were men and women at least 18 years, and a diagnosis of hypertension as defined by the following: clinic SBP at least 150 mmHg and 180 mmHg or less, and ambulatory 24-h mean SBP at least 130 mmHg and 170 mmHg or less.
Exclusion criteria for all trials included: known secondary hypertension, severe diastolic hypertension (seated DBP at least 114 mmHg), stage IV chronic kidney disease (GFR 30 mL/min per 1.73 m 2 ), type 1 or poorly controlled T2DM (HbA1c > 8%), congestive heart failure NYHA classes II-IV, and recent major cardiovascular events (<6 months prior to randomization).
Additional metabolic assessments at baseline included BMI, and laboratory evaluation of HbA1c, fasting plasma glucose (FPG), fasting plasma insulin, homeostasis model assessment of insulin sensitivity [14] , plasminogen activator inhibitor-1, adiponectin, serum lipoproteins, and high-sensitivity C-reactive protein.
Two of the three trials used for this analysis [11, 12] were of 6 weeks duration, and ambulatory BP monitoring was performed at baseline and following 6 weeks of doubleblind therapy. The third trial [13] used data at an 8-week analysis time point when ambulatory BP recordings and other assessments were obtained.
Pooling of clinical trials and glycemic subgroups
Patients in the three clinical trials were separated into two study pools. Pool A (placebo and OLM comparisons with AZL-M) included AZL-M 40 mg, AZL-M 80 mg, OLM 40 mg, and placebo groups. Pool B (VAL comparison with AZL-M) included AZL-M 40 mg, AZL-M 80 mg, and VAL 320 mg.
Within each pool, the populations were further stratified by subgroups based on baseline HbA1c values: prediabetes mellitus was defined as HbA1c at least 5.7% and less than 6.5% and T2DM was defined as HbA1c at least 6.5%. The remainder of patients were defined as normoglycemic (HbA1c < 5.7%).
Analyses
Demographic and baseline characteristics were tabulated by treatment group, and included age, age category (<65, !65, and !75 years), sex, ethnicity, race, height, weight, BMI, and baseline SBP and DBP. Participants were analyzed according to the treatment they were randomized to, in a modified intention-to-treat analysis. All study participants that received any double-blind medication were included in the safety analysis, under the actual treatment received.
Efficacy evaluation
Efficacy variables for the pooled analysis included ambulatory and clinic BPs. The efficacy analyses were based on the full analysis set (those patients receiving at least one dose of double-blind medication), with the last observation carried forward method for variables with multiple postbaseline measures.
The efficacy analysis was performed based on change from baseline to final on-treatment value. Treatment groups were compared using an analysis of covariance model with baseline values as a covariate and study region, discrete study within the pool, and treatment group as fixed effects.
RESULTS
Participant enrolment and disposition
There were 3821 participants included in the analysis for pool A (placebo and OLM comparison) and pool B (VAL comparison). Pool A consisted of 1998 participants; 793 in the normoglycemic subgroup, 823 in the prediabetes mellitus subgroup, and 382 in the T2DM subgroup. Pool B consisted of 1823 participants; 759 in the normoglycemic subgroup, 694 in the prediabetes mellitus subgroup, and 370 participants in the T2DM subgroup. The disposition of the study participants within the pools is shown in supplemental Figure 1 , http://links.lww.com/HJH/A590.
Within pool A, 1998 participants were randomized to the following treatments: 561 to AZL-M 40 mg; 568 to AZL-M 80 mg; 572 to OLM 40 mg; and 297 to placebo. Of the 1998 participants within pool A, 1848 completed the study as planned.
Within pool B, 1823 participants were randomized to the following treatments: 607 to AZL-M 40 mg; 613 to AZL-M 80 mg; and 603 to VAL 320 mg. Of the 1823 patients within pool B, 1508 completed the study as planned. The most common reasons for discontinuation in both pools A and B were adverse events, voluntary withdrawal from the study, and lack of efficacy.
Characteristics at baseline
The demographic and baseline characteristics of all patients in the normoglycemic, prediabetes mellitus, and T2DM subgroups in both pooled treatment groups are shown in Table 1 . The mean age ranged from 54 to 61 years, and the sex distributions were similar among the subgroups in both pools. The normoglycemic subgroup was younger than the subgroups with prediabetes mellitus and T2DM (55 years versus 58.5 years). The mean baseline BMI ranged from 29 to 34 kg/m 2 and was higher in the T2DM subgroups than in the normoglycemic and prediabetes mellitus subgroups. Baseline HbA1c values were as follows for each subgroup (both pools): normoglycemic, 5.3%; prediabetes mellitus, 6.0%; and T2DM, 6.9%. The mean 24-h ambulatory SBPs at baseline were 144-148 mmHg, and were similar in the glycemic subgroups.
Changes from baseline in 24-h SBP
The effects of the various treatments on 24-h SBP for each pool and the glycemic subgroups within the pools are shown in Table 2 
Changes from baseline in ambulatory DBP
Changes from baseline in the ambulatory DBP pooled results are shown in Table 2 . In pool A, all treatments were superior to placebo (P 0.001). Significant reductions were observed in the prediabetes mellitus group with AZL-M 80 mg (P 0.01) compared with OLM 40 mg. In pool B, AZL-M 80 mg achieved greater ambulatory DBP reduction than VAL 320 mg in both the normoglycemic and prediabetes mellitus subgroups (P 0.01). Additionally, AZL-M 40 mg had greater reductions in 24-h DBP than VAL in the normoglycemic subgroup (P < 0.05).
Changes from baseline in the clinic blood pressure
The pooled analyses of clinic BPs for the normoglycemic, prediabetes mellitus, and T2DM groups are shown in Table  3 and Fig. 2 . In pool A, all treatments significantly decreased clinic SBP compared with placebo (P < 0.001). Within the prediabetes mellitus subgroup, AZL-M 80 mg reduced clinic SBP to a greater extent than OLM 40 mg (P < 0.001). In the T2DM subgroup, AZL-M 40 mg significantly decreased clinic SBP compared to OLM 40 mg (P ¼ 0.032). In pool B, AZL-M at both 40 and 80 mg in the normoglycemic subgroup, 80 mg in the prediabetes mellitus subgroup, The results for the changes from baseline in the clinic DBP are also shown in Table 3 . In pool A, all treatments demonstrated greater DBP reduction than placebo (P 0.001). Significantly greater reductions in the clinic DBP were seen in the following subgroups on AZL-M compared to OLM 40 mg: AZL-M 80 mg (P ¼ 0.002) in prediabetes mellitus; and AZL-M at both 40 mg (P < 0.034) and 80 mg (P 0.01) in T2DM. In pool B, AZL-M at both doses decreased the clinic DBP to a significantly greater extent compared with VAL 320 mg in the normoglycemic and T2DM subgroups (P < 0.001). In the prediabetes mellitus subgroup, AZL-M 80 mg reduced clinic DBP to a greater extent than VAL (P 0.008).
Metabolic effects
Results of the metabolic parameters are shown in Table 4 . Owing to the short-term nature of the trials, HbA1c values were not repeated postrandomization. There were small and significantly greater reductions in the FPG, free insulin levels, and homeostasis model assessment on azilsartan 80 mg versus OLM 40 mg in pool A in the normoglycemic subgroup. In addition, there were small and significantly larger reductions in FPG on azilsartan 80 mg versus OLM 40 mg and placebo in pool A in the T2DM subgroup. There were no other significant differences in the levels of lipoproteins or other biomarkers on AZL-M, OLM, and VAL in pool B (Table 4) .
Safety and tolerability
The safety and tolerability findings were similar for AZL-M at both the study doses, OLM, VAL, and placebo in both pools across all three glycemic subgroups (Table 5) .
DISCUSSION
Principal findings
AZL-M had previously been shown to have superior efficacy to both OLM and VAL in controlled clinical trials using ambulatory BP as the primary endpoint in a general patient population with hypertension [11, 12] . The present analyses extend our knowledge on this efficacy of AZL-M in participants with prediabetes and type 2 diabetes, patient subgroups with particularly high cardiovascular risk when BP control is deficient [10] . These findings demonstrate that AZL-M is a highly effective ARB for hypertension control in patients with prediabetes mellitus and T2DM.
Impact of angiotensin II receptor blockers in patients with type 2 diabetes
In patients with T2DM, the ARBs and ACE inhibitors are specifically recommended as initial therapy in patients with diabetes by various management guidelines [15, 16] . Previous trials have utilized 24-h BP monitoring to compare the efficacy among the ARBs in patients with hypertension and T2DM, although most were performed in studies of fixed-dose combinations with diuretics or calcium antagonists. In a small study from Japan that examined effects of losartan 50 mg and telmisartan 40 mg on ambulatory BP variability in 30 patients with diabetic nephropathy, similar changes from baseline in 24-h BP were reported with both drugs [17] . Another study from Japan compared the effects of OLM 20 mg versus telmisartan 40 mg, in 20 patients previously on VAL 80 mg during an 8-week run-in period, on ambulatory blood pressure in Japanese diabetic patients with hypertension [18] . In that study, OLM showed greater blood pressure reduction compared with telmisartan. OLM decreased ambulatory BP by 5/1 mmHg from the VALtreated baseline, whereas telmisartan decreased ambulatory SBP by 1 mmHg from baseline (P ¼ 0.031). The superior antihypertensive effects of AZL-M may be because of its high potency as well as its slow dissociation (tight binding) from the angiotensin II receptor [19] .
In the current analysis, in the pool A (OLM comparison) T2DM subgroup, AZL-M reduced 24-h ambulatory blood pressure by 12.1/7.1 mmHg (40 mg) and 12.3/7.3 mmHg (80 mg), and OLM 40 mg reduced ambulatory BP by 9.8/ 5.4 mmHg. In the pool B (VAL comparison) T2DM subgroup, AZL-M reduced ABP by 11.8/6.8 mmHg (40 mg) and 12.0/7.7 mmHg (80 mg). Our findings are novel as there are no comparable analyses using ambulatory BP monitoring to assess ARBs in large numbers of patients with hypertension and T2DM or prediabetes.
The comparative effects of AZL-M versus VAL and OLM on ambulatory BP were similar to the comparative effects of these ARBs in all glycemic subgroups. These findings provide clinicians with an effective medication option for patients with comorbid hypertension and T2DM or prediabetes mellitus, in whom the risk of cardiovascular morbidity is high. Therefore, AZL-M, as part of a comprehensive management plan to address cardiovascular risk factors and comorbidities, has the potential to benefit patients with hypertension with prediabetes or T2DM.
Metabolic effects of the angiotensin receptor blockers in the present analysis
Animal models have shown that azilsartan, the active metabolite of AZL-M increased insulin sensitivity and glucose uptake [19] , but in-vitro studies failed to show that azilsartan increased transcriptional activity of peroxisome proliferator-activated receptor g [20] . In the present study, we observed some significant effects of AZL-M on fasting blood glucose and insulin levels in the normoglycemic and type 2 diabetes subgroups relative to other comparator treatment arms, but the effects were neither consistent nor very robust. In addition, there were no significant effects of any of the ARBs on the other biomarkers, including adiponectin and lipoproteins. The short-term nature of the trials used in the present analysis may have played a role in the negative findings on some of these metabolic parameters. These finding were similar to previous studies, which found no significant changes in similar metabolic parameters among hypertensive, diabetic patients treated with other ARBs, including eprosartan, OLM, and telmisartan [18, [21] [22] [23] .
Strengths and limitations
Our analysis had over 3800 patients who were well characterized by their baseline glycemic status and ambulatory BP data. In each of the three studies, 24-h ambulatory BP monitoring was used as a primary efficacy end point and the inclusion and exclusion criteria and study designs were similar, which allowed the pooling of the ambulatory and clinic BP results. Of note, reductions from baseline in the clinic and ambulatory BP findings were relatively similar and we believe are due, in part, to use of standardized, semi-automated BP monitors at study sites that required the printing and recording of results, which would likely lead to greater reliability and correlation between clinic and ambulatory readings.
The limitation of the analysis relates to the short-term nature of the studies. Although this was an adequate time period to assess changes in clinic and ambulatory BPs, it was not likely to have been enough time to assess the differential effects of the various ARBs on the metabolic parameters. Furthermore, because of follow-up periods of 2 months or less, there were no posttreatment values for the HbA1c.
In conclusion, AZL-M has greater antihypertensive efficacy than OLM or VAL in patients with prediabetes mellitus and T2DM based on both clinic and 24-h BP results. The importance of hypertension control in this population is documented as a means to decrease cardiovascular morbidity and mortality [10] . Hence, having the option of a well-tolerated ARB that provides an additional 3-7 mmHg SBP reduction is an important therapeutic advance for the treatment of patients with hypertension with T2DM.
